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(54) Treating method and apparatus utilizing chemicai reaction 



(57) In order to effectively remove gas molecules of 
a by-product in a chemical reaction in a solution so as 
to achieve high efficiency, high rate, and uniformity of 
the chemical reaction in the solution and in order to re- 
alize formation of a semiconductor substrate applicable 
to production of SOI structure and realize formation of 
a semiconductor substrate in which a light-emitting ele- 
ment or a gas sensor can be formed, on the basis of an 
inexpensive silicon substrate, the chemical reaction is 
performed while the concentration of a gas dissolved in 
a reaction solution in a reaction vessel is always con- 



trolled to be not more than the solubility thereof during 
the reaction. Further, a chemical reaction apparatus is 
disclosed which comprises a reaction vessel having a 
holding means for holding a substrate, for housing a re- 
action solution and carrying out the chemical reaction 
with the substrate therein, a circulation line for circulat- 
ing the reaction solution outside the reaction vessel, a 
deaerating device provided on the circulation line, for 
removing the gas from the reaction solution, and a trans- 
fer device for transferring the reaction solution in the cir- 
culation line. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present Invention relates to a treating method 
and apparatus utilizing a chemical reaction and, more 
particularly to a treating method and apparatus utilizing 
a chemical reaction, applicable to production of chemi- 
cal industrial goods and semiconductor goods such as 
integrated circuits or electron devices. 

Related Background Art 

Treating methods utilizing chemical reactions have 
been and are applied to many chemical industrial goods 
and also to semiconductor integrated circuits these 
years, thus adding abundance to human lives. 

Among the chemical reactbns, those in a solution 
are employed in production of many industrial goods be- 
cause of their peculiar properties different from those of 
vapor-phase chemical reactions. Among others, elec- 
trolysis reaction is the technology for supplying electric 
energy to an electrolytic cell to cause change in sub- 
stance at the interface between the electrode and the 
electrolyte, thereby producing a chemical substance as 
an objective material. This technology is applied to pro- 
duction of many industrial goods, including smelting of 
aluminum, copper, or zinc, metal plating, production of 
hydrogen, oxygen, caustic soda, and chlorine, and so 
on. 

There are recent proposals on the ELTRAN (Epitax- 
ial Layer TRANsfer by bond & etch back porous Si) SOI 
substrate as a method for producing a semiconductor 
substrate by use of a chemical reaction in a solution in 
the semiconductor processes (Japanese Patent Appli- 
cation Laid-open Nos. 5-102445; 5-217992; 5-217821; 
5-217820; 5-275663; 5-275329; 6-342784; 7-249749; 
and 7-235651 ). 

These utilize the chemical reaction in a solution, 
called anodizatbn, and are methods for producing a 
semiconductor substrate characterized by epitaxially 
growing single-crystal silicon on one porous surface of 
a silicon single-crystal substrate having made porous a 
part or all of the surface side by the anodization process, 
bonding a surface of this epitaxial layer to an arbitrary 
support substrate, and selectively etching the porous 
portion of the single-crystal silicon substrate, or remov- 
ing the non-porous portion by polishing and then selec- 
tively etching the porous portion, orseparating the bond- 
ed substrate into the non-porous portion and an SOI 
substrate at the porous portion. 

Since the porous silicon formed by the anodization 
reaction has an enomnous surface area and the surface 
thereof Is active to adsorption of an organic gas, a vari- 
ety of gas sensors utilizing the property are under re- 
search (M. B-Chohrin and A. Kurex, "AbsoriDate effects 



on photoluminescence and electrical conductivity of po- 
rous silicon." Appl. Phys. Lett., vol. 64, pp. 481-483. 
1994; A. Richter. "Design considerations and perform- 
ance of adsorptive humidity sensor with capacitive rea- 
dout," The 7th Int. Conf. Solid-State Sensors and Actu- 
ators, pp. 310-313, 1993; R. C. Anderson, R. S. Muller. 
and C. W. Tobias, "Investigations of porous silicon tor 
vapor sensing," Sensors and Actuators, A21-A23 pp. 
835-839, 1990; Akira Motohashi, "Change in electrical 
characteristics of anodized silicon/single-crystal silicon 
samples against water vapor," lEICE Transactions (C- 
II), vol. J77-C-II, pp. 213-220. 1995). 

As described above, the chemical reactions in a so- 
lution are widely used in production of industrial goods, 
for example, in the chemical industries and the semi- 
conductor industries. Incidentally, from the viewpoint of 
production of industrial goods, increasing the efficiency 
of chemical reaction is very important in order to raise 
economical efficiency of material production or resource 
savings. Particularly in the sembonductor industries, 
from the viewpoint of pursuit of cost efficiency, there are 
two more requirements of increase in rates of such a 
chemical reaction as film formation or etching and in- 
plane uniformity of chemical reactions on a large-diam- 
eter silicon wafer. 

The chemical reaction in a solution, however, in- 
volves generation of a reaction by-product, which is a 
phenomenon of inhibiting increase in efficiency, rate, 
and uniformity of chemical reactions. That is, presence 
in the solution of a further reaction by-product formed 
by the chemical reaction in addition to the objective 
chemical substance will inhibit progress of the chemical 
reaction. Atypical example is a phenomenon in the elec- 
trolysis in an aqueous solution where hydrogen is nor- 
mally generated at the negative electrode while oxygen 
is generated at the positive electrode. 

Since these reactions compete with deposition of 
an objective metal or a discharge reaction of an inorgan- 
ic and organic chemical species, they are also signifi- 
cant in terms of current efficiency. In addition, since they 
can also change the kinds of reaction products, they 
have extremely important effects. For example, in the 
production of a semiconductor substrate utilizing the an- 
odization, gas molecules as a reaction by-product inhibit 
increase in the rate and uniformity of the reaction for 
forming porous silicon. 

In the conventional technology, as described in the 
examples of Japanese Patent Application Laid-Open 
No. 5-102445, the gas molecules generated over the 
solubility thereof in the solution will form bubbles to ad- 
here to a silicon wafer and the like, thereby inhibiting the 
reaction. Therefore, the process includes a treatment 
such as adding alcohol as a surfactant or agitating the 
solution by use of an agitator. Further, as described in 
the patent gazette of Japanese Patent Publication No. 
8-31460, there is also a method of mounting a bubble 
removing device in a plating apparatus to remove bub- 
bles contained in a plating solution. 
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These treating methods are temporary solutions, 
but are not essential solutions. For example, in fornna- 
tion of porous silicon in the production of a semiconduc- 
tor substrate, pores having diameters of about 10 nm 
and depths of about 20 fim need to be formed with re- s 
straining fluctuation within ±5% as to the diameters of 
pores and within ±10% as to the depths of pores in the 
silicon wafer plane. In addition, this process of formation 
of a porous silicon layer has to be carried out in one 
minute, which is a standard process time in recent vol- io 
ume production of semiconductors. Assuming that the 
wafer size is 6 inches, the diameters of pores are 1 0 nm, 
the aperture ratio (area of pores/area of wafer) is 0.3, 
and the etching rate is 20 |j.m/min, the rate of generation 
of hydrogen is 788 cc/min. This large amount of hydro- is 
gen is generated at bottoms of fine and long pores hav- 
ing the diameters of 10 nm and the depths of 20 jim, i. 
e.. the aspect ratio of pore of 2000. In order to form the 
porous silicon layer, the reaction solution has to be al- 
ways supplied to the bottoms of the fine and long pores 20 
having the aspect ratio of 2000 while perfectly removing 
this large amount of hydrogen as the by-product. It is, 
however, difficult to solve the above problem by such 
methods as the addition of a surfactant and the use of 
agitator. Namely, there Is no technology achieved yet lor 25 
producing the industrial goods including the semicon- 
ductor substrates, by utilization of a chemical reaction 
in a solution, with high productivity. 

SUMMARY OF THE INVENTION ^0 

An object of the present invention is to provide a 
method and apparatus wherein a chemical reaction is 
carried out while the concentration of a gas of a reaction 
by-product dissolved in a reaction solution in a reaction 3S 
vessel is always maintained to be not more than its sol- 
ubility during the reaction. 

In the present invention, the chemical reaction in a 
solution may be an electrochemical reaction with supply 
of an electrical energy from outside and, of course, may 40 
be an anodization reaction as a kind of electrochemical 
reactions. Namely, the solution may be an electrolyte. 

In the present invention, in order to always maintain 
the concentration of a gas of a reaction by-product dis- 
solved in the reaction solution in the reaction vessel to 
be not more than the solubility during the reaction, the 
reaction solution is circulated outside the reaction ves- 
sel, for example, and it Is deaerated on the way of cir- 
culation, preferably. 

Further, it is preferable that during the deaeration so 
the concentration of a gas of a reaction by-product be 
controlled soas to be not more than 1 /1 0 of the solubility. 
When the concentration of gas is controlled to be not 
more than 1/10ofthe solubility, for example, in the case 
of a reaction for forming a porous layer in a surface of ss 
a substrate by an anodization reaction where the sub- 
strate is held in the reaction vessel, at least one surface 
of the substrate is kept in contact with the reaction so- 



lution, the other surface of the substrate is kept in con- 
tact with an electrically conductive solution, a negative 
voltage is applied to the reaction solution, and a positive 
voltage is applied to the conductive solution, the porous 
layer with deep pores having the diameter of 1 0 nm and 
the depth of 20 ^im, thus having the aspect ratio of pore 
of 2000, can be formed in a treatment time of one minute 
while restraining the variation in the depths of pores 
within ±3% in a plane of a 6-inch wafer, by maintaining 
the amount of dissolved hydrogen in the reaction solu- 
tion at 1/10 of the solubility. 

In addition, as an absolute value, the concentration 
of gas is particularly preferably controlled so as to be 
not more than 100 ppb. When the concentration of gas 
Is controlled to be not more than 1 GO ppb, for example, 
in the reaction for forming the porous layer in the surface 
of substrate by the anodization reaction where the sub- 
strate is held in the reaction vessel, one surface of the 
substrate is kept in contact with the reaction solution, 
the other surface of the substrate is kept in contact with 
the electrically conductive solution, the negative voltage 
is applied to the reaction solution, and the positive volt- 
age is applied to the conductive solution, the porous lay- 
er with deep pores having the diameter of 10 nm and 
the depth of 20 ^im, thus having the aspect ratio of pore 
of 2000, can be formed in the treatment time of one 
minute while restraining the variation in the depths of 
pores within ±3% in the 6-inch wafer plane. 

There are some cases where the same gas as the 
reaction by-product exists in the reaction solution from 
the beginning. Such the gas should desirably be re- 
moved before the reaction. The gas having particularly 
great effects is the by-product generated in the chemical 
reaction. This by-product generated in the chemical re- 
action needs to be removed at the same time as the gen- 
eration thereof, so that no bubble of the by-product is 
generated. Forthat purpose, it is particularly effective to 
guide the reaction solution to the outside of the reaction 
system and to perform deaeration outside the system. 
Accordingly, the deaeration is preferably carried out in 
a circulation system. 

Chemical reactions accompanied by generation of 
by-products are^ for example, electrochemical reac- 
tions, anodization reactions, and soon, and the present 
invention is particularly effective in these chemical re- 
actions. 

Particularly, in the case of the reaction of forming 
the porous layer in the surface of the substrate by the 
anodization reaction where the substrate is held in the 
reaction vessel, at least one surface of the substrate is 
kept in contact with the reaction solution with the other 
surface of the substrate in contact with the conductive 
solution, the negative voltage is applied to the reaction 
solution with the positive voltage applied to the conduc- 
tive solution, the by-product (gas) will remain in the 
pores. Especially, this tendency is particularly conspic- 
uous where the diameters of the pores are 20 nm or less, 
where the depths of pores are 20 ^m or more, and where 
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the aspect ratios of the pores are 1000 or more. As a 
result, nonuniformity occurs in formation of the pores. 
This tendency is further enhanced in the case of treat- 
ments in a shorter time. 

However, in the present invention, even when the 
diameters of the pores are 10 nm, the depths of the 
pores are 20 p.m, and the aspect ratios of the pores are 
2000, formation of uniform pores can be realized even 
in the case of the treatment time of one minute. 

Further, in the present invention, the reaction solu- 
tion is preferably isolated from the atmosphere. This is 
for preventing a gas from mixing from the atmosphere 
into the reaction solution. 

In the present invention, with regard to the deaer- 
ating method for the chemical reaction in a solution, the 
deaeration may be carried out with adeaerating module 
comprised of a gas-penmeable membrane of hollow fib- 
ers, either by evacuating the inside of the hollow fibers 
to a reduced pressure state by means of a vacuum 
pump or by filling the inside of the hollow fibers with ul- 
trapure water containing no gas nriolecufe at ail. 

In the present invention, with regard to the temper- 
ature of the solution, control within the fluctuation of 
±0.5'*C is preferable in terms of enhancement of con- 
trollability of the chemical reaction. 

Another object of the present invention is to provide 
a chemical reaction apparatus comprising: 

a reaction vessel having a holding means for hold- 
ing a substrate, for housing a reaction solution and 
performing a chemical reaction with the substrate 
therein; 

a circulation line for circulating the reaction solution 
outside the reaction vessel; 

a deaerating device provided on the circulation line, 
for removing a gas from the reaction solution; and 
a transfer means for transferring the reaction solu- 
tion in the circulation line. 

An example of the chemical reaction apparatus is 
an apparatus for carrying out the anodization treatment. 
In a structural example thereof, one surface of a sub- 
strate is kept in contact with a reaction solution, theother 
surface of the substrate is l<ept In contact with an elec- 
trically conductive solution, and there are provided with 
an electrode for applying a negative voltage to the re- 
action solution and an electrode for applying a positive 
voltage to the conductive solution. 

According to the present invention, since in the 
chemical reaction in a solution the concentration of gas 
molecules dissolved in the solution is always controlled 
so as to be not more than the solubility, for example, in 
the pore formation reaction of silicon by anodization, the 
gas molecules of the by-product are prevented from 
forming bubbles and then adhering onto silicon, more 
particularly onto the bottoms of the pores of silicon, 
which in turn enables to suppress degradation of chem- 
ical reaction rate and occurrence of nonuniform chemi- 



cal reaction. 

According to the present invention, it is possible to 
perform pore formation in the silicon substrate for use 
in the field of ordinary semiconductor integrated circuits, 

s with in-plane uniformity and at high speed. Further, ac- 
cording to the present Invention, a semiconductor sub- 
strate applicable to formation of SOI structure can be 
produced. In addition, according to the present inven- 
tion, it is possible to produce a semiconductor substrate 

10 in which a light-emitting element or a gas sensor can be 
formed, on the basis of an inexpensive silicon substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

^5 Fig. 1 is a schematic, cross-sectional view of a re- 
action vessel according to an embodiment of the 
present invention; 

Fig. 2 is a schematic view of a chemical reaction 
apparatus according to an embodiment of the 
20 present invention; 

Fig. 3 is a schematic, cross-sectional view of a de- 
aerating module used in the present invention; 
Fig. 4 is a schematic, cross-sectional view of anoth- 
er deaerating module used in the present invention; 
25 Fig. 5 is a graph showing variations in the depths of 
pores at respective amounts of dissolved hydrogen 
in Example 3; 

Fig. 6 is a graph showing variations in the depths of 
pores at respective current densities in Example 4; 
30 Fig. 7 is a graph showing variations in the depths of 
pores at respective treatment times in Example 5; 
and 

Fig. 8 is a view showing a structural example of the 
deaerating module. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 and Fig. 2 are schematic views showing a 

40 chemical reaction apparatus according to a preferred 
embodiment of the present invention. 

The chemical reaction apparatus has a reaction 
vessel 300 having a holding means 206a, 206b for hold- 
ing a substrate (for example, a silicon wafer or a sub- 

45 strate with a silicon layer) 200, for housing a reaction 
solution (for example, a liquid containing hydrofluoric 
acid) 201 and for performing a chemical reaction with 
the substrate 200 therein; a circulation line 210a (out- 
ward path), 210b (inward path) for circulating the reac- 

50 tion solution 201 outside the reaction vessel 300; a de- 
aerating device 301 provided on the circulation line 
21 Oa, for removing a gas from the reaction solution 201 ; 
and a transfer pump 303 which is a transfer means for 
transferring the reaction solution 201 on the circulation 

55 line 210a. In the present invention, during a period in 
which the substrate is treated by a chemical reaction in 
the reaction vessel 300. the concentration of the gas dis- 
solved in the reaction solution is always maintained at 
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or below the solubility thereof by use of the deaerating 
device. 

This apparatus will be described in further detail. 
This example is the chemical reaction apparatus lor 
anodization. In which one surface of the substrate 200 s 
is in contact with the reaction solution (for example, a 
liquid containing hydrofluoric acid) 201 and in which the 
other surface of the substrate 200 is In contact with an 
electrolyte 202, which is an electrically conductive solu- 
tion, and the apparatus is provided with a negative elec- io 
trode 203 for applying a negative voltage to the reaction 
solution 201 and a positive electrode 204 for applying a 
positive voltage to the conductive solution 202. 

The substrate 200 is held vertically by the holding 
means 206a, 206b and this substrate 200 itself sepa- is 
rates the reaction solution 201 and the electrolyte 202. 
However, for assuring perfect separation, sealing with 
seal 205. for example, of Goatex is provided between 
the holding means and the substrate 200. 

In this example, a cooler and/or a heater, or a heat 20 
exchanger 302 is provided on the circulation line 210b 
as occasion may demand, and the reaction solution un- 
der circulation is heated or cooled thereby This heating/ 
cooling is preferably carried but so that the temperature 
of the reaction solution 201 in the reaction vessel 300 is 25 
kept within the variation of ±0.5°C. For that purpose, the 
apparatus is provided with a sensor (not shown) for de- 
tecting the temperature of the reaction solution 201 in 
the reaction vessel 300 and is so arranged as to adjust 
heating/cooling amounts by the cooler and/or heater, or 30 
heat exchanger 302, based on a signal from the sensor 

Numeral 304 designates a filter, which removes 
particles of 0.1 jim or more. 

The deaerating device 301 used in the present In- 
vention will be described below. 

Examples of the deaerating device are shown in 
Fig. 3 and Fig. 4. 

In the example shown in Fig. 3, the deaerating de- 
vice 301 is composed of a deaerating module 401 and 
a vacuum pump 400; In the example shown in Fig. 4, 40 
the deaerating device 301 is composed of a deaerating 
module 401 and a water generator 500. 

A structural example of the deaerating module Is 
shown in Fig. 8. 

The deaerating module 401 has the structure in 
which hollow-fiber separation membrane sheet 804 wo- 
ven like a bamboo blind is wound in a spiral form around 
a perforated water supply pipe 803 having many holes 
and located in the center, for example, as shown in Fig. 
8. By forcing the reaction solution 201 to flow from a so 
treated solution inlet 800 into the module, the reaction 
solution 200 radially flows through the laminated portion 
of the bamboo blind like member of the hollow fibers to- 
ward the periphery and goes out through a treated so- 
lution outlet 801 . The hollow fiber separation membrane ss 
sheet 804 is made of, for example, a fluororesin such 
as PFA, and therefore does not suffer deterioration at 
all even if the reaction solution 200 Is a hydrofluoric-ac- 



id-based reaction solution, i.e.. a liquid containing hy- 
drofluoric acid. 

In the case where the deaerating device 301 is of 
the structure of Fig. 3. the inside of the hollow fibers is 
kept in a pressure reduced state by evacuating the in- 
side by the vacuum pump 400 through hollow fiber ports 
802. On this occasion, the gas dissolved in the reaction 
solution 200 efficiently moves from the outside to the 
inside of the hollow fibers while the reaction solution 200 
passes through the laminated portion of the bamboo 
blind likemember of the hollow fibers, and is discharged 
to the outside of the system through the vacuum pump 
400. 

In the case where the deaerating device 301 is of 
the structure of Fig. 4, ultrapure water containing no gas 
molecule at all, generated by the water generator 500. 
is forced to the hollow fiber port 802 to be discharged 
from the other hollow fiber port, whereby a state is kept 
in which the inside of the hollow fibers is filled with the 
ultrapure water containing no gas molecule at all. On 
this occasion, because of a difference between Internal 
and external partial pressures of the gas component 
with respect to the hollow fibers made of a gas-perme- 
able membrane, the gas molecules in the solution effi- 
ciently move from the outside to the inside of the hollow 
fibers during the period of passage through the laminat- 
ed portion of the bamboo blind like member of the hollow 
fibers and are discharged to the outside of the system. 

As the treatments utilizing chemical reactions in the 
present invention, there may be included such treat- 
ments as anodization, anodic oxidation, electrolytic 
etching, or the like. Among such treatments, examples 
of anodization will be described. 

First described Is a method for forming porous sill- 
con or a porous silicon substrate by anodizing a single- 
crystal silicon substrate. The substrate is a substrate 
200 comprising p-type single-crystal silicon. It is not im- 
possible to employ the n-type, but a low-resistance sub- 
strate has to be selected in that case. The substrate 200 
is set in the reaction vessel 300 as shown in Fig. 1 . The 
reaction vessel 300 is of a completely closed type in or- 
der to avoid contact of the solution 201 or electrolyte 
202 with the external air. Namely one side of the sub- 
strate 200 is in contact with the hydrofluoric-acid-based 
reaction solution 201 and the negative electrode 203 is 
placed on the side of the reaction solution 201 . On the 
other hand, the other side of the substrate 200 is in con- 
tact with the electrolyte 202 and the positive electrode 
204 Is placed on the side of the electrolyte 202. The elec- 
trolyte 202 may be any electrically conductive solution 
and thus may be the hydrofluoric-acid-based reaction 
solution. In either case the pore forming reaction takes 
place from the negative electrode side of the substrate 
200 in contact with the hydrofluoric-acid-based solution. 
As the hydrofluoric-acid-based reaction solution 201. 
concentrated hydrofluoric acid (49 wt% HF) is normally 
used. 

For the purpose of facilitating invasion of the hy- 
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drofluoric-acid-based reaction solution 201 into the 
pores of the substrate 200 having the dianneter of about 
10 nm during formation of porous silicon by the anodi- 
zation reaction, a surfactant needs to be added into the 
electrolyte as the reaction solution. As the surfactant, 
an alcohol is desired which has the action of lowering 
the surface tension of the reaction solution 201 and pos- 
es no problem of adherence of the surfactant to the sub- 
strate 200 in a cleaning step after the anodlzation. As 
such an alcohol, there may be used, for example, meth- 
anol, ethanol, propanol, IPA (isopropyl alcohol), and so 
on. Since the above example is of the anodization of Si, 
the reaction solution is the liquid containing hydrofluoric 
acid; however, it is a matter of course that the reaction 
solution can be any other non-hydrofluoric-acid-based 
electrolyte. 

As to the negative electrode 203 or the positive 
electrode 204, there my be used a material that is not 
corroded by the hydrofluoric acid solution, for example, 
gold (Au). platinum (Pt). or the like. 

The reaction solution 201 in the reaction vessel 300 
is circulated through the deaerating device 301 and the 
cooler/heater 302 as shown in Fig. 2. The deaerating 
device 301 has the structure in which deaerating mod- 
ules 401 using a gas-permeable membrane are con- 
nected in parallel. 

As the gas-permeable membrane, there exist po- 
rous and non-porous ones. Since the circulated solution 
is the reaction solution containing alcohol serving as a 
surfactant, the gas-permeable membrane is desirably 
selected from the non-porous membranes, taking exu- 
dation of the reaction solution through the gas-permea- 
ble membrane into consideration. The deaerating mod- 
ules 401 have the structure in which the hollow fiber sep- 
aration membrane sheet woven tike the bamboo blind 
is wound in the spiral form around the perforated supply 
pipe at the center, and the inside of the hollow fibers is 
kept in the pressure reduced state by the vacuum pump 
400 as shown in Fig. 3. More specifically, the Inside of 
the hollow fibers is kept in the pressure reduced state 
by the vacuum pump 400, and the gas molecules in the 
solution efficiently move from the outside to the inside 
of the hollow fibers during the period of passage through 
the laminated portions of the hollow fiber bamboo blind 
like member because of the pressure difference be- 
tween the inside and outside of the hollow fibers consti- 
tuted of the gas-permeable membrane, to be dis- 
charged through the vacuum pump 400 to the outside 
of the system. 

The cooler/heater 302 capable of cooling or heating 
the solution controls the fluctuation of temperature of the 
reaction solution 201 in the reaction vessel 300 within 
±0.5°C. 

Since the above arrangement makes it possible to 
always control the concentration of gas molecules dis- 
solved in the solution at or below the solubility in the 
chemical reaction In the solution, the gas molecules of 
by-product are prevented from forming bubbles in the 



pore forming reaction of silicon and from in turn adhering 
onto silicon, more specifically to the bottoms of the pores 
of the silicon, whereby it becomes possible to suppress 
degradation of chemical reaction rate and nonuniformity 
s of chemical reaction. 

Next described is a method for forming porous sili- 
con or a porous silicon substrate by anodizing a single- 
crystal silicon substrate. As the substrate, is provided a 
substrate 200 comprising p-type single-crystal silicon. It 
10 is not impossible to employ the n-type, but a low-resist- 
ance substrate has to be selected in that case. 

The substrate 200 is set in the reaction vessel 300 
as shown in Fig. 1. The reaction vessel 300 is of the 
completely closed type in order to avoid contact of the 
IS solution 201 or electrolyte 202 with the external air. 
Namely, one side of the substrate 200 is in contact with 
the hydrofluoric-acld-based reaction solution 201 and 
the negative electrode 203 is placed on the side of the 
reaction solution 201 . On the other hand, the other side 
of the substrate 200 is in contact with the electrolyte 202 
and the positive electrode 204 is placed on the side of 
the electrolyte 202. The electrolyte 202 may be any elec- 
trically conductive solution and thus may be the hy- 
drofluoric-acid-based reaction solution. In either case 
the pore forming reaction occurs from the negative elec- 
trode side of the substrate 200 in contact with the hy- 
drofluoric-acld-based solution. As the hydrofluoric-acid- 
based reaction solution 201, concentrated hydrofluoric 
acid (49 wt% HF) is normally used. 

For the purpose of facilitating Invasion of the hy- 
drofluoric-acid-based reaction solution 201 into the 
pores of the substrate 200 having the diameter of about 
10 nm during formation of porous silicon by the anodi- 
zation reaction, it is desirable to add the surfactant. As 
the surfactant, an alcohol is desired which has the action 
of lowering the surface tension of the reaction solution 
201 and poses no problem of adherence of the sur- 
factant to the substrate 200 in the cleaning step after 
the anodization. As the alcohol, there may be used, for 
example, methanol, ethanol, propanol, IPA, and so on. 

As to the negative electrode 203 or the positive 
electrode 204, there may be used a material that is not 
corroded by theJnydrofluoric acid solution, for example, 
gold (Au), platinum (Pt), or the like. 

The reaction solution 201 in the reaction vessel 300 
is circulated through the deaerating device 301 and the 
cooler/heater 302 as shown In Fig. 2. The deaerating 
device 301 has the structure in which deaerating mod- 
ules 401 using the gas-permeable membrane are con- 
nected in parallel. As the gas-permeable membrane, 
there exist porous and non-porous ones. Since the cir- 
culated solution Is the reaction solution containing alco- 
hol serving as a surfactant, the gas-permeable mem- 
brane is desirably selected from the non-porous mem- 
branes, taking exudation of the reaction solution through 
the gas-permeable membrane into consideration. 

The deaerating modules 401 have the structure in 
which the hollow fiber separation membrane sheet wo- 
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ven like the bamboo blind is wound in the spiral form 
around the perforated supply pipe at the center, and the 
inside of the hollow fibers is kept in the state filled with 
the ultrapure water containing no gas molecule at all 
from the water generator 500 as shown in Fig. 4. More 
specifically, the inside of the hollow fibers is kept in the 
state filled with the ultrapure water containing no gas 
molecule at all, and the gas molecules in the solution 
efficiently move from the outside to the inside of the hol- 
low fibers during the period of passage through the lam- 
inated portions of the hollow fiber bamboo blind like 
member because of the difference between the internal 
and external partial pressures of the gas component 
with respect to the hollow fibers constituted of the gas- 
permeable membrane, to be discharged to the outside 
of the system. 

The cooler/heater 302 controls the fluctuation of 
temperature of the reaction solution 201 in the reaction 
vessel 300 within db0.5*C. 

Since the above arrangement makes it possible to 
always control the concentration of gas molecules dis- 
solved in the solution at or below the solubility in the 
chemical reaction in the solution, the gas molecules of 
by-product are prevented from forming bubbles in the 
pore forming reaction of a silicon wafer and from in turn 
adhering onto the silicon wafer, more specifically, to the 
bottoms of the pores of the silicon wafer, whereby it be- 
comes possible to suppress degradation of chemical re- 
action rate and nonuniformity of chemical reaction. 

The present invention will be described in more de- 
tail with specific examples thereof, but it should be noted 
that the present invention is by no means intended to 
be limited to these examples. 

(Example 1) 

First prepared was the (100) single-crystal silicon 
substrate 200 of 6-inch p+-substrate having the thick- 
ness of 625 jam. at least the surface layer of which was 
doped with boron in 1 to 1 0 X 1 C ^ cm-^, and the surface 
thereof was subjected to the anodization treatment us- 
ing a p+-layer of Si as an opposed electrode in a solution 
of HF/HgO/l PA (20 to 30 wt% HF. 1 0 to 30 wt% I PA). The 
current density at that time was 5 mA/cm^. As shown in 
Fig. 2, the reaction solution 201 in the reaction vessel 
300 was circulated through the deaerating device 301 . 
and the cooler/heater 302. 

The deaerating device 301 was composed of seven 
deaerating modules 401 formed by use of the non-po- 
rous gas-permeable membrane, connected in parallel. 
The deaerating device 301 was kept in the pressure re- 
duced state of about 10 Torr, using the vacuum pump 
400. The transfer pump 303 was the one capable of cir- 
culating the reaction solution at the flow rate of 70 l/min 
through the chemical circulation line, i.e., capable of cir- 
culating the reaction solution at the flow rate per deaer- 
ating module of 10 l/min. Amounts of dissolved hydro- 
gen in the reaction solution 201 in the reaction vessel 



300 were observed on that occasion, and the result was 
that during the anodization treatment the amounts of 
dissolved hydrogen were always approximately 1 00 ppb 
or less, tar smaller than 1 ppm being the solubility there- 

s of. During the anodization treatment the variation of tem- 
perature of the reaction solution 201 in the reaction ves- 
sel 300 was always controlled within ±0.5*C by actuat- 
ing the cooler/heater 302. 

Under the above conditions, the anodization treat- 

10 ment was carried out for one minute and the entire sur- 
face of the 6-inch wafer was obsen/ed with a field emis- 
sion type scanning electron microscope. It was found 
from the observation that a layer of porous Si having the 
diameter of pore of 1 0 nm, the aperture rate of 30%, and 

15 the film thickness of 20 |xm was formed with the in-plane 
uniformity being within the fluctuation of ±3%. Cross 
sections of the porous layer were also observed with a 
transmission electron microscope, with the result that it 
was confirmed that new crystal defects were not intro- 

20 duced into the porous layer and good single crystallinity 
was maintained. 

(Example 2) 

25 First prepared was the (100) single-crystal silicon 
substrate 200 of 6-inch p+-substrate having the thick- 
ness of 625 ^m, at least the surface layer of which was 
doped with boron in 1 to 1 0 x 1 0^^ cm-3, and the surface 
thereof was subjected to the anodization treatment us- 

30 ing the p+-layer of Si as an opposed electrode in the 
solution of HF/HgO/lPA (20 to 30 wt% HF. 10 to 30 wt% 
IPA). The current density at that time was 5 mA/cm^. As 
shown in Fig. 2, the reaction solution 201 in the reaction 
vessel 300 wascirculated through the deaerating device 

35 301 and the cooler/heater 302. The deaerating device 
301 was composed of seven deaerating modules 401 
formed by use of the non-porous gas-permeable mem- 
brane, connected in parallel. The deaerating device 301 
was kept in the state filled with the ultrapure water con- 

40 taining no gas molecule at all, supplied from the water 
generator 500. 

The transfer pump 303 was the one capable of cir- 
culating the reaction solution at the flow rate of 70 l/min 
through the chemical circulation line, i.e., capable of cir- 

45 culating the reaction solution at the flow rate per deaer- 
ating module of 10 l/min. Amounts of dissolved hydro- 
gen in the reaction solution 201 in the reaction vessel 
300 were obsen/ed on that occasion, and the result was 
that during the anodization treatment the amounts of 

so dissolved hydrogen were always approximately 1 00 ppb 
or less, far smaller than 1 ppm being the solubility there- 
of. During the anodization treatment the variation of tem- 
perature of the reaction solution 201 in the reaction ves- 
sel 300 was always controlled within ±0.5'C by actuat- 

55 ing the cooler/heater 302. 

Under the above conditions, the anodization treat- 
ment was carried out for one minute and the entire sur- 
face of the 6-inch wafer was obsen/ed with the field 
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emission type scanning electron microscope. It was 
found from the observation that a layer of porous Si hav- 
ing the diameter of pore of 10 nm, the aperture rate of 
30%, and the film thickness of 20 |j.m was formed with 
the in-plane uniformity being within the fluctuation of 
±3%. 

Cross sections of the porous layer were also ob- 
served with the transmission electron microscope, with 
the result that it was confirmed that new crystal defects 
were not introduced into the porous layer and good sin- 
gle crystallinity was maintained 

(Example 3) 

In this example the influence of deaerating amount 
of gas was studied. 

First prepared was the (100) single-crystal silicon 
substrate 200 of 6-inch p+-substrate having the thick- 
ness of 625 |im. at least the surface layer of which was 
doped with boron in 1 to 1 0 x 1 0^ ® cm-^, and the surface 
thereof was subjected to the anodization treatment us- 
ing the p+-layer of Si as an opposed electrode in the 
solution of HF/HsO/fPA (20 to 30 wt7o HP, 10 to 30 wt% 
IPA). The current density at that time was 5 m A^cm^. As 
shown in Fig. 2, the reaction solution 201 in the reaction 
vessel 300 was circulated through the deaerating device 
301 and the cooler/heater 302. The deaerating device 
301 was composed of seven deaerating modules 401 
formed by use of the non-porous gas-permeable mem- 
brane, connected in parallel. The deaerating device 301 
was kept in the state filled with the ultrapure water con- 
taining no gas molecule at all, supplied from the water 
generator 500. During the anodization treatment the 
temperature variation of the reaction solution 201 in the 
reaction vessel 300 was always controlled within ±0.5 
"C by actuating the cooler/heater 302. 

Under the above conditions the anodization treat- 
ment was carried out for one minute at different flow 
rates of the transfer pump 301 ranging from 0 to 70 1/ 
min. Amounts of dissolved hydrogen in the reaction so- 
lution 201 in the reaction vessel 300 were measured 
during the anodization treatment under the conditions 
of the respective flow rates, and after the treatment the 
entire surface of the 6-inch wafer was observed with the 
field emission type scanning electron microscope. Fig. 
5 shows the dispersion in the depths of pores of the wa- 
fer in the respective amounts of dissolved hydrogen. As 
the amounts of dissolved hydrogen increase, the depths 
of pores become smaller and the dispersion in the 
depths of pores increases. It was found that when the 
amount of dissolved hydrogen in the reaction solution 
201 in the reaction vessel 300 was not more than 100 
ppb, the porous layer having the diameter of pore of 10 
nm and the aperture rate of 30% was formed in the film 
thickness of 20 jim and with the in-plane uniformity of 
film thickness being within the dispersion of ±3% in the 
treatment time of one minute. 



(Example 4) 

In this example the influence of diameter of pore 
was studied. 

5 First prepared was the (100) single-crystal silicon 
substrate 200 of 6-inch p+-substrate having the thick- 
ness of 625 ^im, at least the surface layer of which was 
doped with boron in 1 to 1 0 X 1 0^s cm'^, and the surface 
thereof was subjected to the anodization treatment us- 

10 ing the p+-layer of Si as an opposed electrode in the 
solution of HF/H2O/IPA (20 to 30 wt% HF, 10 to 30 wt% 
IPA). As shown in Fig. 2, the reaction solution 201 in the 
reaction vessel 300 was circulated through the deaer- 
ating device 301 and the cooler/heater 302. The deaer- 

15 ating device 301 was composed of seven deaerating 
modules 401 formed by use of the non-porous gas-per- 
meable membrane, connected in parallel. The deaerat- 
ing device 301 was kept in the state filled with the ul- 
trapure water containing no gas molecule at all, supplied 

20 from the water generator 500. 

The transfer pump 303 was the one capable of cir- 
culating the reaction solution at the flow rate of 35 l/min 
through the chemical circulation line, i.e., capable of cir- 
culating the reaction solution at the flow rate per deaer- 

25 ating module of 5 l/min. Amounts of dissolved hydrogen 
in the reaction solution 201 in the reaction vessel 300 
were observed on that occasion, and the result was that 
during the anodization treatment the amounts of dis- 
solved hydrogen were always approximately 600 ppb 

30 during the anodization treatment. During the anodiza- 
tion treatment the variation of temperature of the reac- 
tion solution 201 in the reaction vessel 300 was always 
controlled within ±0.5 *C by actuating the cooler/heater 
302. 

35 Under the above conditions the anodization treat- 
ment was carried out under conditions of different cur- 
rent densities ranging from 5 to 30 mA/cm^, and the en- 
tire surface of the 6-inch wafer was observed thereafter 
with the field emission type scanning electron micro- 

40 scope. 

Fig. 6 shows the dispersion in the depths of pores 
of the wafer in the respective current densities. In the 
anodization reaction the diameters of the pores increase 
with increase in the current density. It was found that 

45 when the amount of dissolved hydrogen in the reaction 
solution 201 in the reaction vessel 300 was 600 ppb. the 
fluctuation of in-plane uniformity of film thickness was 
restrained within ±3% in formation of the porous layer 
having the diameter of pore of 20 nm and the depth of 

50 pore of 20 |xm, i.e., having the aspect ratb of pore of 
1 000. It was, however, found that the in-plane uniformity 
of thickness was degraded down to ±10% in the case 
of relatively deeper pores having the diameter of pore 
of 1 0 nm and the depth of pore of 20 |xm, i.e. , having the 

55 aspect ratio of pore of 2000. 
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(Example 5) 

In this example the influence of depth of pore was 

studied. 

First prepared was the (100) single-crystal silicon s 
substrate 200 of 6-Inch p+-substrate having the thick- 
ness of 625 ^m. at least the surface layer ot which was 
doped with boron in 1 to 10 X lO^^cm"^, and the surface 
thereof was subjected to the anodization treatment us- 
ing the p+-layer of Si as an opposed electrode in the 
solution of HF/H2O/IPA (20 to 30 wt% HF, 10 to 30 wt% 
IPA). The current density at that time was 5 rnA/cm^. As 
shown in Fig. 2, the reaction solution 201 in the reaction 
vessel 300 was circulated through the deaerating device 
301 and the cooler/heater 302. The deaerating device 
301 was composed of seven deaerating modules 401 
formed by use of the non-porous gas-permeable mem- 
brane, connected in parallel. The deaerating device 301 
was kept in the state filled with the ultrapure water con- 
taining no gas molecule at all. supplied from the water 
generator 500. The transfer pump 303 was the one ca- 
pable of circulating the reaction solution at the flow rate 
of 70 l/min through the chemical circulation line, i.e., ca- 
pable of circulating the reaction solution at the flow rate 
per deaerating module of 1 0 l/min. Amounts of dissolved 
hydrogen in the reaction solution 201 in the reaction ves- 
sel 300 were observed on that occasion, and the result 
was that during the anodization treatment the amounts 
of dissolved hydrogen were always approximately 100 
ppb or less, far smaller than 1 ppm being the solubility 
thereof. During the anodization treatment the variation 
of temperature of the reaction solution 201 in the reac- 
tion vessel 300 was always controlled within ±0.5 *C by 
actuating the cooler/heater 302. 

Under the above conditions the anodization treat- 
ment was carried out under conditions of different ano- 
dization treatment times ranging from 1 to 20 minutes, 
and the entire surface of the 6-inch wafer was observed 
thereafter with the field emission type scanning electron 
microscope. 

Fig. 7 shows the dispersion in the depths of pores 
of the wafer in the respective treatment times. In the an- 
odization reaction the depths of the pores increase with 
increase in the treatment time. It was found that when 
the amount of dissolved hydrogen in the reaction solu- 
tion 201 in the reaction vessel 300 was not more than 
100 ppb, the porous layer having the diameter of pore 
of 10 nm and the aperture rate of 30% was formed in 
the thickness of 20 \iro and with the In-plane uniformity 
of thickness being within the dispersion of +3% in the 
treatment time of one minute. It was, however, found 
that the in-plane uniformity of thickness was degraded 
down to ±10% in the case of deeper pores having the 
diameter of pore of 10 nm and the depth of pore of 40 
^m, i.e., having the aspect ratio of pore of 4000. 

The present invention achieved efficient removal of 
gas molecules of by-product in the chemical reactions 
in a solution, which no conventional technologies have 



achieved. As a result, the present invention permits the 
chemical reactions in a solution to be carried out with 
high efficiency, high rate, and high uniformity. Further, 
the present invention allows production of the semicon- 
ductor substrate that can be applied to formation of the 
SOI structure, and the invention also permits the semi- 
conductor substrate in which a light-emitting element or 
a gas sensor can be made, to be produced from an in- 
expensive silicon substrate. 



Claims 



1 . A chemical reaction method, comprising performing 
IS a chemical reaction while always controlling the 

concentration of a gas of a reaction by-product dis- 
solved in a reactton solution in a reaction vessel to 
be not more than the solubility thereof during the 
reaction. 

20 

2. The chemical reaction method according to Claim 
1 . wherein the reaction solution is circulated outside 
the reaction vessel, and wherein deaeration of the 
reaction solution is carried out on the way of circu- 

25 lation. 

3. The chemical reaction method according to Claim 
1 . wherein the concentration of the gas is controlled 
to be not more than 1/10 of the solubility. 

30 

4. The chemical reaction method according to Claim 
1 , wherein the concentration of the gas is controlled 
to be not more than 1 00 ppb. 

35 5. The chemical reaction method according to Claim 
1 , wherein the reaction by-product is hydrogen. 

6. The chemical reaction method according to Claim 
1 , wherein the chemical reaction is an electrochem- 

40 ical reaction. 

7. The chemical reaction method according to Claim 
1, wherein the chemical reaction is an anodization 
reaction. 

45 

8. The chemical reaction method according to Claim 

7, wherein the anodization reaction is a reaction for 
forming a porous layer in a surface of a substrate. 

so 9. The chemical reaction method according to Claim 

8, wherein the substrate is held In the reaction ves- 
sel, one surface of the substrate is kept in contact 
with the reaction solution, the other surface of the 
substrate is kept in contact with an electrically con- 

55 ductive solution, a negative voltage Is applied to the 
reaction solution, and a positive voltage is applied 
to the conductive solutbn. 
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10. The chemical reaction method according to Claim 
1 , wherein the reaction solution In the reaction ves- 
sel is isolated trom the atmosphere. 

11. The chemical reaction method according to Claim 
1 0. wherein the reaction solution is a liquid contain- 
ing hydrofluoric acid. 

12. The chemical reaction method according to Claim 
8, wherein a surfactant is added into the reaction 
solution. 

13. The chemical reaction method according to Claim 
12, wherein the surfactant is selected from the 
group consisting of methanol, ethanol and isopropyl 
alcohol. 

14. The chemical reaction method according to Claim 
8. wherein the diameters of the pores are not more 
than 20 nm. 

15. The chemical reaction method according to Claim 
8, wherein the depths of the pores are not less than 
20 |im. 



19. The chemical reaction method according to Claim 
2, wherein the deaeration Is carried out by using a 
deaerating module comprised of a gas-permeable 
membrane of hollow fibers and filling the Inside of 



21. A chemical reaction apparatus comprising: 

a reaction vessel having a holding means for 
holding a substrate, for housing a reaction so- 
lution and carrying out a chemical reaction with 
a substrate therein; 

a circulation line for circulating the reaction so- 
lution outside the reaction vessel; 



a deaerating device provided on the circulation 
line, for removing a gas from the reaction solu- 
tion; and 

a transferring means for transferring the reac- 
5 tion solution in the circulation line. 

22. The chemical reaction apparatus according to 
Claim 21 , wherein one surface of the substrate is 
kept in contact with the reaction solution and the 

10 other surface of the substrate is kept In contact with 
an electrically conductive solution, further compris- 
ing an electrode for applying a negative voltage to 
the reaction solution and an electrode for applying 
a positive voltage to the electrically conductive so- 

15 lution. 

23. The chemical reaction apparatus according to 
Claim 21 . wherein the reaction vessel is of a her- 
metically closed type. 

20 

24. The chemical reaction apparatus according to 
Claim 21 , wherein the reaction solution Is a liquid 
containing hydrofluoric acid. 

The chemical reaction apparatus according to 
Claim 21 , wherein the deaerating device is consti- 
tuted In such a manner that in a deaerating module 
comprised of a gas-permeable membrane of hollow 
fibers, the Inside of the hollow fibers is brought into 
a pressure reduced stated by a pump. 

The chemical reaction apparatus according to 
Claim 21 , wherein the deaerating device is consti- 
tuted in such a manner that in a deaerating module 
comprised of a gas-permeable membrane of hollow 
fibers, the Inside of the hollow fibers Is filled with 
ultrapure water containing no gas at all. 

27. The chemical reaction apparatus according to 
Claim 21 , wherein means for controlling fluctuation 
of the temperature of the reaction solution within 
±0.5'^C is provided on the circulation line. 

A treating method, comprising performing a chem- 
ical reaction to treat a body to be treated while al- 
ways maintaining the concentration of a gas of a 
reaction by-product dissolved In a reaction solution 
in contact with the body to be treated In a reaction 
vessel to be not more than the solubility thereof dur- 
ing the reaction. 

29. The treating method according to Claim 28, wherein 
the reaction solution is circulated outside the reac- 
tion vessel, and wherein deaeration of the reaction 
solution is carried out on the way of circulation. 

30. The treating method according to Claim 28, wherein 
the concentration of the gas is controlled to be not 



16. The chemical reaction method according to Claim 
8, wherein the aspect ratios of the pores are not less 
than 1000. 

17. The chemical reaction method according to Claim 30 
8, wherein the substrate Is a silicon wafer. 

18. The chemical reaction method according to Claim 
2, wherein the deaeration is carried out by using a 
deaerating module comprised of a gas-permeable 35 
membrane of hollow fibers and bringing the inside 
of the hollow fibers Into a pressure reduced state 
with a pump. 



25 25. 



26. 



the hollow fibers with ultrapure water containing no 28. 
gas at all. 45 

20. The chemical reaction method according to Claim 
1. wherein fluctuation of the temperature of the re- 
action solution Is controlled within ±0.5**C. 

so 
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more than 1/10 of the solubility. 

31 . The treating method according to Claim 28, wherein 
the concentration of the gas is controlled to be not 
more than 1 00 ppb. 

32. The treating method according to Claim 28, wherein 
the reaction by-product generated is hydrogen. 

33. The treating method according to Claim 28, wherein 
the chemical reaction is an electrochemical reac- 
tion. 

34. The treating method according to Claim 28, wherein 
the chemical reaction is an anodization reaction. 

35. The treating method according to Claim 34, wherein 
the anodization reaction is a reaction for forming a 
porous layer in a surface of the body to be treated. 

36. The treating method according to Claim 35, wherein 
one surface of the body to be treated is kept in con- 
tact with the reaction solution, the other surface 
thereof is kept in contact with an electrically con- 
ductive solution, a negative voltage is applied to the 
reactbn solution, and a positive voltage is applied 
to the conductive solution. 



of hollow fibers and bringing the inside of the hollow 
fibers into a pressure reduced state with a pump. 

46. The treating method according to Claim 28, wherein 
5 the deaeration is carried out by using a deaerating 
module comprised of a gas-permeable membrane 
of hollow fibers and filling the inside of the hollow 
fibers with ultrapure water containing no gas at all. 

10 47. The treating method according to Claim 28, wherein 
fluctuation of the temperature of the reaction solu- 
tion is controlled within ±0.5*C. 



15 



20 



25 



37. The treating method according to Claim 28, wherein 

the reaction solution in the reaction vessel is isolat- 30 
ed from the atmosphere. 

38. The treating method according to Claim 28, wherein 
the reaction solution is a liquid containing hydrofluo- 
ric acid. 



39. ThetreatingmethodaccordingtoClaim28, wherein 
a surfactant is added into the reaction solution. 



40. The treating method accordingto Claim 39, wherein 40 
the surfactant is selected from the group consisting 

of methanol, ethanol and isopropyl alcohol. 

41 . The treating method according to Claim 35, wherein 

the diameters of the pores are not more than 20 nm. 45 

42. The treating method accordingto Claim 35, wherein 
the depths of the pores are not less than 20 ^m. 

43. The treating method according to Claim 35. wherein so 
the aspect ratios of the pores are not less than 1 000. 

44. The treating method according to Claim 28, wherein 
the body to be treated is a silicon wafer 

55 

45. The treating method according to Claim 28, wherein 
the deaeration is carried out by using a deaerating 
module comprised of a gas-permeable membrane 
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(54) Treating method and apparatus utilizing chemical reaction 



(57) In order to effectively remove gas molecules of 
a by-product in a chemical reaction in a solution so as 
to achieve high efficiency, high rale, and uniformity of 
the chemical reaction In the solution and in order to re- 
alize formation of a semiconductor substrate applicable 
to production of SOI structure and realize formation of 
a semiconductor substrate in which a light-emitting ele- 
ment or a gas sensor can be formed, on the basis of an 
inexpensive silicon substrate, the chemical reaction is 
performed while the concentration of a gas dissolved in 
a reaction solution in a reaction vessel is always con- 
trolled to be not more than the solubility thereof during 



the reaction. Further, a chemical reaction apparatus is 
disclosed which comprises a reaction vessel having a 
holding means for holding a substrate, for housing a re- 
action solution and carrying out the chemical reaction 
with the substrate therein, a circulation line for circulat- 
ing the reaction solution outside the reaction vessel, a 
deaerating device provided on the circulation line, for 
removing the gas from the reaction solution, and a trans- 
fer device for transferring the reaction solution in the cir- 
culation line. 



CO 
< 

CM 
O 

a> 
cn 

CO 

o 

Q. 

UJ 



Printed by Jouve. 75001 PARIS (FR) (Cont. HOXt page) 



BNSDOCID: <EP 087e902A3 I > 



EP 0 879 902 A3 



FIG.2 




303 



BNSDOCID: <EP p879902A3_l 



EP 0 879 902 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apptrcatton Number 

EP 98 30 3765 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Intel. 6) 



FR 2 615 036 A (FRANCE ETAT) 
10 November 1988 (1988-11-10) 
page 2, line 22; claim 1; figure 1 * 



US 4 891 103 A (SPRATT DAVID B ET AL) 
January 1990 (1990-01-02) 
column 4, line 48 - column 4. line 68; 
figure 2 * 



PATENT ABSTRACTS OF JAPAN 
vol. 013, no. 378 (E-8Q9), 
22 August 1989 (1989-08-22) 
& JP 01 128547 A (FUJITSU LTD), 
22 May 1989 (1989-05-22) 
* abstract * 



1,21 



1.21 



1,21 



C25D11/32 

C25F3/12 

H01L21/3O6 



TECHNICAL RELDS 
SEARCHED (inLCI.6) 



C25D 

C25F 
HOIL 



The present search report has been drawn up for all claims 



Placed 

MUNICH 



Oate of compMkm tt the search 

29 October 1999 



Examiner 

De Anna, P 



CATEGORY OF CfTED DOCUMENTS 

X : partioularly mlevant if taken atone 

Y : partioularly r»l«vant if ootnbined with another 

dooument of the tame category 
A : teefmobgbal basKground 
O : nort-wrftten diaoloaurft 
P : intermediate doeumeni 



T : theory or principle underlying the invention 
E : earlier psiant dooument, but published on. or 

after the filing date 
D : document otted in the application 
L : document citad for other reasone 



& : member of the some patent family, oonesponding 
document 



3 



BNSDOCID: <EP 0879902A3 I > 



EP 0 879 902 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 3765 



This annex lists the patent family memtiers relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

29-10-1999 



Patent document 
cited in seevoh report 



Publication 
date 



Patent family 
memb8r(s) 



Publication 
date 



FR 2615036 



10-11-1988 



NONE 



us 48911Q3 


A 


02-01-1990 


NONE 












JP 01128547 


A 


22-05-1989 


JP 
JP 


2111500 
8031460 


C 
B 


21- 
27 


-11- 
-03- 


-1996 
-1996 



& For more details about this annex : see OffidalJoumaf of the European Patent Office, No. 12/82 



BNSDOCID: <EP_ 



_0879902A3_I_> 



